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$h_{U}$ ( 1 ) , 2 (
) $z=0$ x-y-z .
$z=-h_{L}$ $h_{U}$
$\phi_{L}$





$\frac{\partial^{\gamma}4\emptyset_{L}}{\mathrm{a}^{2}}+\frac{\partial^{2}\emptyset_{L}}{\Phi^{2}}+\frac{\partial^{\gamma}\sim\emptyset_{L}}{\partial z}\underline,=0$ [-1 $<\eta(x,y,t)$] (1)
$\frac{\partial^{2}\emptyset_{U}}{\mathrm{a}^{2}}+\frac{\partial^{2}\phi_{U}}{\Phi^{\gamma}\sim}+\frac{\partial^{2}\phi_{U}}{\partial z^{2}}=0$ $[ \eta(x_{;}y,t)<z<\frac{h_{U}}{h_{L}}]$ (2)
$\frac{\partial\phi_{L}}{\partial z}=0$ at $z=-1$ (3)
$\frac{\partial\phi_{U}}{\partial z}=0$ at $z= \frac{h_{U}}{h_{L}}$ (4)
$\frac{\partial\eta}{\partial t}+\frac{\partial\phi_{L}}{\ } \frac{\partial\eta}{\ }+\frac{\partial\emptyset_{L}}{\Phi}\frac{\partial\eta}{\Phi}=\frac{\partial\emptyset_{L}}{\ }$ at $z=\eta(x,y,t)$ (5)
$\frac{\partial\eta}{\partial t}$
.
$+ \frac{\partial\phi_{U}}{\ }\frac{\partial\eta}{\ }+ \frac{\partial\phi_{U}}{\Phi}\frac{\partial\eta}{\Phi}.=\frac{\partial\emptyset_{U}}{\partial z}$ at $z=\eta(x,y,l)$ (6)
$\frac{\partial\phi_{L}}{\partial t}+$
$- \frac{\rho_{U}}{\rho_{L}}\{$
$\frac{1}{2}[(\frac{\partial\phi_{L}}{\ })^{\sim}’+( \frac{\partial\phi_{L}}{\Phi})^{2}+(\frac{\partial\phi_{L}}{\partial z})\underline’]+\eta$
at $z=\eta$(X, $y,t$) (7)
$\frac{\partial k}{\partial t}+\frac{1}{2}[(\frac{\partial\phi_{U}}{\ })^{2}+( \frac{\partial\phi_{U}}{\Phi})^{2}\dotplus(\frac{\partial\phi_{U}}{\partial z})^{2}]+\eta\}=f(t)$


















( $\lambda$ ; $\epsilon$ )
(9) $(1)-(7)$ $\hat{\emptyset}$ $\hat{\eta}$ $\lambda$
$\frac{\partial^{2}\hat{\phi}_{L}}{\mathrm{a}^{2}}+\frac{\partial^{2}\hat{\phi}_{L}}{\partial z^{2}}=\epsilon^{\vee}’\hat{\phi}_{L}$ $[-1 <z<\eta_{s}(x)]$ (10)
$\frac{\partial^{2}\hat{\phi}_{U}}{\mathrm{a}^{2}}+\frac{\partial^{\sim}\hat{h}?}{\partial z^{2}}$ =\epsilon \sim $[ \eta,(x)<z<\frac{h_{U}}{h_{L}}]$ (11)
$\frac{\partial\hat{\phi}_{L}}{\partial z}=0$ at $z=-1$ (12)
$\frac{\partial\hat{\phi}_{U}}{\ }=0$ 1 $z= \frac{h_{U}}{h_{L}}$ (13)
$\lambda\hat{\eta}+q_{L}\frac{d\hat{\eta}}{ds}-\frac{1}{\cos\theta}[\frac{\partial\phi_{L}\wedge}{\Re}-\frac{d(q_{L}\cos\theta)}{ds}\hat{\eta}]=0$ at $z=\eta_{s}(x)$ (14)
$\lambda\hat{\eta}+q_{U}\frac{d\hat{\eta}}{ds}-\frac{1}{\cos\theta}[\frac{\partial\hat{\phi}_{U}}{\delta \mathrm{z}}-\frac{d(q_{U}\cos\theta)}{\ } \hat{\eta}]=0$ at $z=\eta_{s}(x)$ (15)
$\lambda\hat{\phi}_{L}+q_{L}\frac{\partial\hat{\phi}_{L}}{\partial s}+[q_{L}\frac{d(q_{L}\sin\theta)}{\ }+1] \hat{\eta}_{L}$
at $z=\eta_{s}(x)$ (16)
$- \frac{\rho_{U}}{\rho_{L}}\{\lambda\hat{\phi}_{U}+q_{U}\frac{\partial\hat{\phi}}{\partial s}+[q_{U}\frac{d(q_{U}\sin\theta)}{ds}+1]\hat{\eta}_{U}\}=0$
$arrow 0$, $\emptyset_{L}^{\wedge}arrow 0,\hat{\eta}arrow 0$ as x\rightarrow \pm (17)
$q_{U}t$ $q_{L}$ :
$q_{U}=\sqrt{(\mathrm{v}+\frac{\partial\Phi_{Us}}{\ })^{2}+(\frac{\partial\Phi_{Us}}{\ })^{2}}$ , (18)
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$q_{L}$ (19)
, $\theta$ $x$ , $s$ , \partial /\mbox{\boldmath $\delta$}\sim
( )
(10)-(17)




(10)-(17) , $\epsilon$ $\Gamma$ $y$
, (10)-(17) $\epsilonarrow 0$
. $xarrow\pm\infty$ (17) , (10)-(17) , $x$ , $z$






, $\emptyset_{L0}\wedge$ , $h$^0 , $\hat{\eta}_{0}$ (10)-(17) $\epsilon=\lambda=0$ :
$\hat{\phi}_{L0}=\frac{\varpi_{Ls}}{\ }$
$0= \frac{\mathrm{g}_{Us}}{\ }$ (23)
$\hat{\eta}_{0}=\frac{d\eta_{s}}{\ }$




$\frac{\partial^{?}\sim\hat{\phi}_{L1}}{\mathrm{a}^{2}}+\frac{\partial^{\underline{\gamma}}\hat{\phi}_{L1}}{\partial z^{2}}=0$ $[-1 <z<\eta_{s}(x)]$ (24)
$\frac{\partial^{\underline{\gamma}}\hat{\phi}_{U1}}{\ }\underline,+\frac{\partial^{2}\emptyset_{U1}\wedge}{\partial z^{2}}=0$
$[\eta$, $(x)<z< \frac{h_{U}}{h_{L}}]$ (25)
$\frac{\partial\hat{\phi}_{L1}}{\ }=0$ at $z= \frac{h_{U}}{h_{L}}$ (26)
$\frac{\partial\emptyset_{U1}\wedge}{\partial z}=0$ at $z=-1$ (27)
$\frac{1}{\cos\theta}[\frac{d(q_{L}\cos\theta\hat{\eta}_{1})}{ds}-\frac{\partial\phi_{L1}\wedge}{\Re}]=G_{1}$ $\mathrm{a}\mathfrak{t}z=\eta_{S}$ (28)
$\frac{1}{\cos\theta}[\frac{d(q_{U}\cos\theta\hat{\eta}_{1})}{ds}-\frac{\partial\hat{\phi}_{U1}}{\Re}]=G_{1}$ at $z=\eta_{S}$ (29)
$q_{L} \frac{\partial\hat{\phi}_{L1}}{\partial s}+[q_{L}\frac{d(q_{L}\sin\theta)}{k}+1]\hat{\eta}_{1}-\frac{\rho_{U}}{\rho_{L}}\{q_{U}\frac{\partial\hat{\phi}_{U1}}{\partial s}+[q_{U}\frac{d(q_{U}\sin\theta)}{ds}+1].\hat{\eta}_{1}\}=H_{1}$
at $z=\eta$, $(30)$
where
G1=- \eta ^0’ $H_{1}=-4( \hat{\phi}_{L0}-\frac{\rho_{U}}{\rho_{L}}\emptyset_{U0})\wedge$ . (31)
$\mathrm{O}n\geq 2$ ,
$\frac{\partial^{\sim}\hat{\phi}_{Ln}}{\ ^{2}},+\frac{\partial^{2}\hat{\phi}_{Ln}}{\partial z^{2}}=F_{Ln}$ $[-1 <z<\eta_{s}(x)]$ (32)
$\frac{\partial^{2}\hat{\phi}_{Un}}{\mathrm{a}^{2}}+\frac{\partial^{2}\hat{\phi}_{Un}}{\ ^{2}}=F_{Un}$ $[ \eta,(x)<z<\frac{h_{U}}{h_{L}}]$ (33)
$\frac{\partial\hat{\phi}_{Ln}}{\ }=0$ at $z= \frac{h_{U}}{h_{L}}$ (34)
$\frac{\partial\hat{\phi}_{Un}}{\partial z}=0$ at $z=-1$ (35)
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$\frac{1}{\cos\theta}[\frac{d(q_{L}\cos\theta\hat{\eta}_{n})}{ds}-\frac{\partial\emptyset\wedge Ln}{\Re}]=G_{l},$ at $z=\eta_{s}$ (36)
$\frac{1}{\cos\theta}[\frac{d(q_{U}\cos\theta\hat{\eta},)}{\ }- \frac{\partial\hat{\phi}_{Un}}{\ }].=G_{n}$ at $z=\eta_{s}$ (37)




G2=- \eta ^1-\lambda 2\eta ^0’ $H_{2}=- \lambda_{1}(\hat{\phi}_{L1}-\frac{\rho_{U}}{\rho_{L}}\hat{\phi}_{U1})-\lambda_{2}(\hat{\phi}_{L0}-\frac{\rho_{U}}{\rho_{L}}$ $0)$ , (39)
$F_{L3}=\emptyset_{L1}\wedge$ , $7U3=\hat{\phi}U1$ ,
(41)






$G_{n},$ $H$n ( ) :
$\int_{-\infty}^{\infty}(\Gamma_{-1}^{\mathrm{J}}\hat{\phi}_{L0}F_{Ln}dz+\frac{\rho_{U}}{\rho_{L}}\int_{\eta_{l}}^{\omega/h_{l}}\hat{\phi}_{U0}F_{Un}dz)\ + \int_{m}^{\infty}[(\emptyset_{L0}-\wedge$ 0)Gn-\eta ^0Hn]z
$=\eta_{s}$
&=0





$c_{1}$ . $n=2$ ( ) ,
211
$\frac{A^{\frac{0}{1}}}{\mathrm{v}}\frac{dE}{d\mathrm{v}}=-l^{2}\Gamma_{-\infty}\ [ \int_{-1}^{\eta_{s}}\hat{\phi}_{L0}^{2}dz+\frac{\rho_{U}}{\rho_{L}}\int_{\eta_{\mathrm{J}}}^{h_{U}/h_{L}}\hat{\phi}_{U0}^{2}dz]$ . (43)
,




(Kataoka&Tsutahara) , $dE/h>0$ 1
. (43) $\lambda_{1}$ 0 :
.




$’ \pm(\lambda_{1}^{2}\frac{M}{\ovalbox{\tt\small REJECT}}+\mathrm{v}M)\frac{dO\sim}{dE}$ if $(4^{2} \frac{mf}{h}+\mathrm{v}M)\frac{dO\sim}{dE}>0$
(45)
if ( $+\mathrm{v}M$) $\frac{d\underline{O}}{dE}<0$
. , $\lambda_{1}$ (43) ,





. (45) , ,




, (46) $()$ . $Q-E$
. $dE/d\mathrm{v}>0$ 1 , O-.-E
, .
, / 078 1
(Tanaka, 1986). (46) ,
/ 071 .
.
2 $Q$ $E$ .
Tanaka, M. 1986, ‘The stabih.ty of solitary waves. ’, Phys. Ffuids 29, pp.650-655.
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